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ABSTRACT 

Simultaneous d a t a  from t h e  IMP 1 and IMP 2 s a t e l l i t e s  i n  

i n t e r p l a n e t a r y  space has revealed t h a t  magnetic f i e l d  d i s c o n t i n u i t i e s  

seen a t  one s a t e l l i t e  a r e  subsequently seen a t  t h e  o t h e r  s a t e l l i t e  

w i th  de l ay  t imes which are c o n s i s t e n t  w i th  t h e  idea  of magnetic f i e l d s  

f r o z e n  i n  t h e  s o l a r  wind being convected away from t h e  sun w i t h  the 

s o l a r  wind v e l o c i t y .  A one t o  one correspondence of d i s c o n t i n u i t i e s  

a t  t h e  two sa te l l i t es  pers i s t s  even when one of t h e  s a t e l l i t e s  i s  

i n  t h e  magnetosheath, showing t h a t  i n t e r p l a n e t a r y  f i e l d s  are convected 

i n t o  t h e  magnetosheath. Analysis  of  t h e  d i r e c t i o n a l  d i s t r i b u t i o n  of 

magnetosheath f i e l d s  and t h e i r  r e l a t i o n  t o  simultaneously measured 

i n t e r p l a n e t a r y  f i e l d s  shows t h a t  as t h e  magnetosheath f i e l d s  are 

convected around t h e  magnetopause by t h e  s o l a r  p l a s m a  they undergo 

d i s t o r t i o n  from t h e i r  i n t e r p l a n e t a r y  v a l u e s  u n t i l  t hey  a r e  a l igned  

t angen t  t o  the  magnetopause. A hydromagnetic i n t e r p r e t a t i o n  of t hese  

r e s u l t s  i s  t h a t  i n t e r p l a n e t a r y  f i e l d  l i n e s ,  a f t e r  being convected through 

t h e  e a r t h ' s  bow shock, become draped around t h e  magnetosphere w i t h  t h e  

sense  of t h e  magnetosheath f i e l d  being t h a t  of t h e  incoming i n t e r p l a n e t a r y  

f i e l d .  



. 

1, INTRODUCTION 

Ever s ince  i t s  i d e n t i f i c a t i o n  as t he  reg ion  between the  closed 

geomagnetic f i e l d  l i n e s  of t h e  magnetosphere and t h e  undis turbed 

i n t e r p l a n e t a r y  medium, t h e  magnetosheath has been cha rac t e r i zed  as a 

reg ion  of f l u c t u a t i n g  magnetic f i e l d s .  

1964; Holzer e t  a l ,  1966; S iscoe  e t  a l ,  1967). This  i s  q u i t e  n a t u r a l  

s i n c e  magnetosheath magnetic f i e l d  f l u c t u a t i o n  w i t h  per iods  of order  

1 t o  100 seconds are i n  d i r e c t  con t r a s t  t o  t h e  much lower l e v e l  of 

f l u c t u a t i o n s  i n  i n t e r p l a n e t a r y  space and, t o  a lesser ex ten t ,  i n  t he  

magnetosphere. 

f i e l d  upon which these  f l u c t u a t i o n s  are superposed. It w i l l  be 

demonstrated t h a t  (1)  t he  o r i g i n  of t h e  magnetosheath f i e l d s  i s  t h e  

i n t e r p l a n e t a r y  f i e l d  convected in to  t h e  magnetosheath and (2)  t h e  

average magnetosheath f i e l d s  exh ib i t  a h igh  degree of s p a c i a l  coherence 

due t o  a tendency of t h e  f i e l d s  t o  a l i g n  themselves tangent  t o  t h e  

magnetopause a 

(Sone t t  e t  a1,1960; Ness e t  a l ,  

The present  paper i n v e s t i g a t e s  t h e  average magnetic 

I n  t h i s  work measurements from t h e  IMP 1 and IMP 2 s a t e l l i t e  

magnetic f i e l d  experiment have been used, 

i d e n t i c a l l y  instrumented,  each carrying two monoaxial f l uxga te  

magnetometers which independently measured t h e  vec to r  magnetic f i e l d s  

as t h e  s a t e l l i t e  r o t a t e d .  These vec to r  measurements were obtained from 

The two sa t e l l i t e s  were 

4.8 seconds of continuous d a t a  and t h e  vec to r  samples were obtained a t  

i n t e r v a l s  of 20.5 seconds. Details of t h e  experiment and a n a l y s i s  

procedures  have been publ ished previously (Ness, Scearce and Seek, 1964; 

F a i r f i e l d  and Ness, 1967). 
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IMP 2 was launched i n t o  a h ighly  e c c e n t r i c  o r b i t  on October 4 ,  1964 

wi th  i t s  apogee a t  15.9 near t he  ea r th - sun  l i n e .  Subsequently t h e  

o r b i t  moved toward the  dawn meridian as the  e a r t h  moved around t h e  sun.  

The s a t e l l i t e  penet ra ted  the  magnetopause on each of the  f i r s t  70 o r b i t s  

and thus IMP 2 was i d e a l l y  s u i t e d  f o r  s tudying  t h e  magnetosheath i n  

t h e  dawn t o  noon reg ion .  

a v a i l a b l e  for  a s t a t i s t i c a l  s tudy.  

Over 340 hours of magnetosheath d a t a  a r e  

The IMP 1 s a t e l l i t e  was launched i n t o  a h ighly  e c c e n t r i c  o r b i t  on 

November 2 7 ,  1963 wi th  i t s  apogee a t  31.3 R a l s o  near  t h e  ea r th - sun  

l i n e .  IMP 1 t ransmi t ted  d a t a  cont inuously u n t i l  May 1964 when b a t t e r y  

f a i l u r e  and an unfavorable  sp in -ax i s  sun angle  forced  t h e  s p a c e c r a f t  

i n t o  a non-operat ional  undervol tage mode. A f t e r  remaining i n a c t i v e  

throughout the  middle of 1964, t h e  s p a c e c r a f t  sp in -ax i s  sun angle  

a t t a i n e d  a value such t h a t  t h e  spacec ra f t  resumed ope ra t ion ,  a l lowing 

a c q u i s i t i o n  of over  600 hours of d a t a  du r ing  November and e a r l y  December 

19 64. 

E 

When IMP 1 resumed t ransmiss ion  almost one year  a f t e r  launch,  i t s  

apogee was again near  t h e  ear th-sun  l i n e ,  a t  a p o s i t i o n  almost two hours  

l a t e r  i n  loca l  t i m e  than  t h a t  of IMP 2 .  The o r b i t s  of bo th  s a t e l l i t e s  are 

shown pro jec ted  i n  the  s o l a r  e c l i p t i c  XY and X Z  p lanes  ( X  toward t h e  sun ,  

Y oppos i te  the  d i r e c t i o n  of  t h e  e a r t h ' s  o r b i t a l  motion, and 2 northward) 

i n  F igu re  1, f o r  t h e  i n t e r v a l  when most of  t h e  IMP 1 measurements used 

i n  t h i s  paper were made. 

an average magnetosheath and shock are shown i n  t h e  XY p lane  f o r  r e fe rence .  

It can be seen from Figure  1 t h a t  IMP 1 w i l l  spend most of i t s  t i m e  i n  

t h e  i n t e r p l a n e t a r y  mediumwhile IMP 2 w i l l  spend a l a r g e  p o r t i o n  of i t s  

time i n  t h e  magnetosheath. 

Appropriate  d a t e s  a r e  shown on t h e  o r b i t s ,  and 
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On those occasions when both s p a c e c r a f t  are s imultaneously 

measuring t h e  r e l a t i v e l y  s teady f i e l d s  of i n t e r p l a n e t a r y  space,  w e  

can compare measurements i n  o r d e r  t o  check t h e  accuracy of t h e  

measurement and/or f i e l d  coherence over  d i s t a n c e s  of t h e  o r d e r  of t h e  

s e p a r a t i o n  between t h e  sa te l l i t es .  For ty -e igh t  i n t e r v a l s  of 

approximately 5 minutes t o  1 hour d u r a t i o n  were a v a i l a b l e  when both 

s a t e l l i t e s  were making measurements of r e l a t i v e l y  cons t an t  i n t e r p l a n e t a r y  

f i e l d s .  The average angular  d i f f e r e n c e  between t h e  f i e l d s  measured 

a t  t h e  two s a t e l l i t e s  f o r  t h e s e  48 cases w a s  15.3' w i t h  s tandard 

d e v i a t i o n  7 . 1 0 .  The d i f f e r e n c e  i n  magnitude measured a t  t h e  two 

s a t e l l i t e s  w a s  1 . 2 ~  ( s t anda rd  d e v i a t i o n  =.9y) i n  t o t a l  f i e l d s  averaging 

8.7y. 

These d i f f e r e n c e s  are probably due p a r t l y  t o  inaccurac i e s  i n  t h e  

a b s o l u t e  va lues  of t h e  measurements on t h e  two s p a c e c r a f t .  IMP 2 

i n a c c u r a c i e s  are undoubtedly t h e  more important and have been est imated 

as 210% i n  magnitude and +8 

e r r o r s  might occur i n  weak f i e l d s  ( F a i r f i e l d  and Ness, 1967). 

d i r e c t i o n  dependence i n  t h e  magnitude d i f f e r e n c e  between t h e  s a t e l l i t e s  

sugges t s  t h a t  IMP 2 zero l e v e l s  may be i n  e r r o r  by one o r  two gammas. 

IMP 1 accurac i e s  were much b e t t e r  t han  IMP 2 during the  f i r s t  s i x  

months of t h e  l i f e t i m e  and appear not t o  have changed much by t h e  f a l l  

of 1964; however, t h e  e f f e c t s  of 6 months inope ra t ion  cannot be d e f i n i t e l y  

0 i n  angle w i t h  t h e  allowance t h a t  l a r g e r  

A f i e l d  

a s ses sed .  Also,  t he  l ack  of d e f i n i t i v e  information regarding t h e  

o r i e n t a t i o n  of  t h e  IMP 1 s p i n  axis i n  l a t e  1964 n e c e s s i t a t e d  use of the 

May va lue .  This  va lue  has probably changed by a few degrees  by November 

and would c o n t r i b u t e  t o  t h e  angular  discrepancy.  
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These d i f f e r e n c e s  i n  measurements between the  s a t e l l i t e s  w i l l  not 

a f f e c t  the conclusions of t h i s  p a p e r  and t h e  small va lues  permit some 

conclusions about t he  coherence of i n t e r p l a n e t a r y  magnetic f i e l d s  over 

s a t e l l i t e  s e p a r a t i o n  d i s t a n c e s  of t h e  o r d e r  10 e a r t h  r a d i i .  Even i f  

t h e  f i e l d  d i f f e r e n c e s  a t  t h e  two s a t e l l i t e s  are e n t i r e l y  in s t rumen ta l ,  

t he  d i f f e r e n c e s  quoted above may be taken as an upper l i m i t  t o  t h e  

coherence of i n t e r p l a n e t a r y  f i e l d s  over t hese  s e p a r a t i o n  d i s t a n c e s .  The 

r e l a t i v e l y  good agreement between the  s a t e l l i t e s  demonstrates t h a t  

t h e r e  is a high degree of coherence. 
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2. MAGNETIC FIELD CONVECTION 

An example of simultaneous i n t e r p l a n e t a r y  measurements is shown 

i n  F igure  2.  IMP 2 magnitude F and l a t i t u d e  and longi tude angles  8 and 

@ are p l o t t e d  above the  corresponding IMP 1 traces as a func t ion  of 

t i m e .  The f i e l d s  are i n  s o l a r  magnetic o r  d i p o l e  coord ina tes  ( F a i r f i e l d  

and Ness ,1967) which a r e  not importantly d i f f e r e n t  from t h e  s o l a r  

e c l i p t i c  coord ina tes .  

The time i n t e r v a l  of 14:30 - 16:30 on November 15 occurred dur ing  

a sudden commencement geomagnetic s torm which began a t  1009UT on 

November 15, 1964. This  t i m e  i s  charac te r ized  by the  l a r g e s t  i n t e r p l a n e t a r y  

magnetic f i e l d s  (-2Oy) seen during t h e  IMP 1 - IMP 2 l i f e t i m e s  and 

i s  unique because of t h e  l a rge  number of abrupt  changes i n  f i e l d  

magnitude and angle.  Five of these  abrupt  changes have been marked 

w i t h  v e r t i c a l  l i n e s  i n  F igure  2. The l e f t  hand l i n e  of t h e  p a i r  i n d i c a t e s  

t h e  d i s c o n t i n u i t y  a t  IMP 1 (average p o s i t i o n  X = 20.0, YSE = -7.0,  

ZSE = -4.5 during t h i s  i n t e r v a l )  whi le  t h e  r i g h t  hand l i n e  i n d i c a t e s  

SE 

t h e  d i s c o n t i n u i t y  a t  IMP 2 (average p o s i t i o n  XSE = 10.5, YSE = 10.0, 

Z = -5.7) occuring 3 . 3  minutes l a te r .  Eleven such clear d i s c o n t i n u i t i e s  

have been observed during the  l imi ted  amount of t i m e  when both 

sa te l l i t es  are i n  t h e  in t e rp l ane ta ry  medium. I n  a l l  cases a d i s c o n t i n u i t y  

seen  a t  one s a t e l l i t e  i s  subsequently seen  a t  the  o the r  sa te l l i t e .  

SE 

A v e l o c i t y ,  V ,  may be ca lcu la ted  from these  t i m e  de lays  by assuming 

a model where t h e  d i s c o n t i n u i t y  occurs  a t  a su r face  approximated by a 

p lane  o r i en ted  perpendicular  t o  the  e c l i p t i c  plane and making an 

ang le  cy with  t h e  e a r t h  sun l i n e .  (la1 < 90' wi th  (Y p o s i t i v e  i n  t h e  

quadrants  conta in ing  the  t h e o r e t i c a l  s p i r a l  f i e l d  angle).  

f o r  V t h a t  fo l lows  from t h i s  model i s  

The equat ion  
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v = Ax + Ay ctrvr 

A t  

where Ax = x1 - x2 and Ay = y1 - y2 are t h e  d i f f e r e n c e  i n  s o l a r  e c l i p t i c  

s a t e l l i t e  pos i t i ons ,  ( s u b s c r i p t  1 des igna t ing  t h e  s a t e l l i t e  n e a r e s t  

t he  sun)and A t  = t l  - t2 i s  t h e  t i m e  de l ay  between obse rva t ions  of a 

d i s c o n t i n u i t y  a t  t he  two s a t e l l i t e s .  The second t e r m  i n  t h e  numerator 

of equat ion (1) is necessary s i n c e  the  s a t e l l i t e s  are not n e c e s s a r i l y  

along a r a d i a l  vec to r  from t h e  sun and t h e  same volume element of plasma 

and f i e l d  w i l l  not sweep p a s t  each s a t e l l i t e .  

0 
Three assumpticns about a have been considered: (1) CY = 90 which 

i m p l i e s  t h a t  t h e  d i s c o n t i n u i t y  s u r f a c e  i s  pe rpend icu la r  t o  t h e  e a r t h  

sun l i n e  such as might be produced by a s p h e r i c a l  b l a s t  wave moving 

r a d i a l l y  outward from the  sun; (2)  c t w  = L ( Q  t h e  sun r o t a t i o n  per iod 

and R= 1 astronomical u n i t )  which i s  t h e  t h e o r e t i c a l  equa t ion  r e l a t i n g  
QR 

t h e  s p i r a l  angle  of t h e  i n t e r p l a n e t a r y  f i e l d  t o  t h e  s o l a r  wind v e l o c i t y ;  

and ( 3 )  

p lane  formed by t h e  f i e l d  v e c t o r s  be fo re  and a f t e r  t h e  d i s c o n t i n u i t y  

and t h e  s o l a r  e c l i p t i c  plane.  

= $ J ~  where Gm i s  t h e  angle  of t h e  l i n e  of i n t e r s e c t i o n  of t he  

Th i s  t h i r d  c a l c u l a t i o n  of CY assumes t h e  

e x i s t e n c e  of a t a n g e n t i a l  d i s c o n t i n u i t y  where f i e l d  v e c t o r s  

on e i t h e r  s i d e  of t he  d i s c o n t i n u i t y  are p a r a l l e l  t o  one another  and 

t h e r e  i s  no f i e l d  component pe rpend icu la r  t o  t h e  d i s c o n t i n u i t y .  

The v a l u e s . o f  V c a l c u l a t e d  w i t h  t h e s e  t h r e e  assumptions are l i s t e d  

i n  Table 1 along wi th  t h e  t i m e s  of  t h e  e v e n t s ,  d e l a y  times and t h e  

s e v e r a l  a v a i l a b l e  d i r e c t  measurements of t h e  s o l a r  wind v e l o c i t y ,  V,, 

from t h e  IMP 1 MIT plasma experiment (Binsack 1966). The v a l u e s  of V i n  
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Table  1 w i l l  be due t o  (1) spac ia l  d i s c o n t i n u i t i e s  f rozen  i n t o  t h e  

h ighly  conducting s o l a r  wind plasma moving r a d i a l l y  outward from the  

sun wi th  t h e  s o l a r  wind v e l o c i t y  and (2)  propagat ion of t h e  d i s c o n t i n u i t y  

i n  t h e  rest frame of  t h e  plasma wi th  v e l o c i t y  Vp .  

agreement of t h e  V va lues  i n  t a b l e  1 wi th  t h e  measured v e l o c i t i e s  Vs 

i n d i c a t e  t h a t  t h e  Vs i s  more important t han  V 

between measured Vs and ca lcu la ted  V may be due t o  e i t h e r  propagat ion 

e f f e c t s ,  o r  t o  t h e  l i m i t a t i o n s  of t h e  s i m p l e  model. The d i f f e r e n c e s  

i n  v e l o c i t i e s  V ca l cu la t ed  by the  t h r e e  methods are such t h a t  no 

The r e l a t i v e l y  good 

The s m a l l  d i f f e r e n c e s  P '  

d e f i n i t i v e  s ta tement  can be  

another .  I t  i s  i n t e r e s t i n g  

measurements r e f l e c t  t h e  75  

made regard ing  preference  of  one over  

t o  note ,  however, t h a t  a l l  t h r e e  c a l c u l a t e d  

kmlsec inc rease  i n  measured V f o r  event 
S 

N o .  6 r e l a t i v e  t o  previous events .  Addi t iona l  events  wi th  complete 

p l a sma  s p e c t r a  are necessary  t o  f u l l y  analyze t h e  na tu re  of t hese  

d i s c o n t i n u i t i e s .  U n t i l  t hese  d a t a  become a v a i l a b l e  t h e  d i s c o n t i n u i t i e s  

provide a unique means of t r a c i n g  t h e  flow of plasma from one l o c a t i o n  

t o  another .  

Since t h e  i n t e r p l a n e t a r y  f i e l d  i s  being convected i n t o  t h e  bow 

shock f r o n t  upstream from t h e  e a r t h ,  i t  would be expected t h a t  t h e  f i e l d  

of t h e  magnetosheath should be r e l a t e d  t o  t h e  incoming i n t e r p l a n e t a r y  

f i e l d .  This  i s  confirmed by f igu re  3 which shows simultaneous 

measurements on November 16 when IMP 1 is  i n  i n t e r p l a n e t a r y  space and 

IMP 2 i s  i n  t h e  magnetosheath. There i s  an obvious correspondence i n  

t h e  d i r e c t i o n  of t h e  in t e rp l ane ta ry  and magnetosheath f i e l d s  even though 

t h e  magnetosheath f i e l d  e x h i b i t s  f l u c t u a t i o n s  and i t s  magnitude is  

approximately t h r e e  t i m e s  as l a rge  as t h e  i n t e r p l a n e t a r y  magnitude. Two 
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more abrupt  d i r e c t i o n a l  changes are seen a t  IMP 1 i n  the  i n t e r p l a n e t a r y  

medium and again they may be seen a t  IMP 2 ,  even though the  s a t e l l i t e  

i s  now wi th in  the magnetosheath, Delay times a r e  longer  here  than  i n  

F igure  2 pr imar i ly  because IMP 1 i s  now a t  apogee. F igure  3 is  t y p i c a l  

of a l a r g e  quan t i ty  of d a t a  i n  the  r e spec t  t h a t  sudden l a rge  d i r e c t i o n a l  

changes i n  the in t e rp l ane ta ry  medium a r e  always seen i n  t h e  

magnetosheath a t  a l a t e r  time. The r e l a t i o n  between t h e  average 

f i e l d s  a t  IMP 1 and the  corresponding average f i e l d s  a t  IMP 2 i n  t h e  

magnetosheath w i l l  be disccused i n  the  next s e c t i o n .  
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3.  ORIENTATION OF MAGNETOSHEATH MAGNETIC FIELDS 

An i n v e s t i g a t i o n  of t he  o r i e n t a t i o n  of magnetosheath magnetic 

f i e l d s  has been c a r r i e d  out using two d i f f e r e n t  approaches. F i r s t  

a s t a t i s t i c a l  a n a l y s i s  w a s  performed on t h e  more than 340 hours of 

IMP 2 magnetosheath 6.ata t o  determine t h e  d i s t r i b u t i o n  of f i e l d  

o r i e n t a t i o n s  at d i f f e r e n t  p o s i t i o n s  w i t h i n  t h e  magnetosheath. Then a 

d i r e c t  comparison was made between t h e  smaller set of IMP 1 

i n t e r p l a n e t a r y  measurements simultaneous wi th  IMP 2 measurements i n  t h e  

magnetosheath. Both approaches show t h a t  t h e  i n t e r p l a n e t a r y  f i e l d  

which i s  convected i n t o  t h e  magnetosheath becomes draped around t h e  

magnetosphere wi th  t h e  magnetosheath f i e l d s  tending t o  be tangent  t o  

t h e  magnetopause e 

The procedure used f o r  studying IMP 2 f i e l d  o r i e n t a t i o n  was t o  

d i v i d e  a sphere r ep resen t ing  a s o l a r  e c l i p t i c  coordinate  system i n t o  

96 equal  s o l i d  angles.  Then t h e  d i s t r i b u t i o n  of 5.46 minute average 

f i e l d s  among t h e s e  96 equal s o l i d  ang le  r eg ions  was i n v e s t i g a t e d  f o r  

p a r t i c u l a r  s p a c i a l  regions.  The d i v i s i o n  of t h e  sphere was accomplished 

by f i r s t  c r e a t i n g  nine l a t i t u d e  regions bounded by t h e  l a t i t u d e s  

278.3 , +54,3O, +34.2O, 210.8°. 

formed one region.  The region between 54.3 and 78.3 was divided 

i n t o  e i g h t  i n t e r v a l s  of 45 longi tude,  and lower l a t i t u d e  r eg ions  were 

d iv ided  i n t o  12 o r  18 i n t e r v a l s  of 30°and 20° longi tude.  

0 
The p o l a r  r eg ion  above +78,3' each 

0 0 

0 

The 9 6  r eg ions  are shown p ro jec t ed  on a plane i n  Figure 4 where 

s o l a r  e c l i p t i c  l ong i tude  angle  @ i s  t h e  a b s c i s s a  and l a t i t u d e  0 i s  t h e  

o r d i n a t e .  The numbers i n  each region r e p r e s e n t  t h e  number of 5.46-  

minute-average f i e l d s  occurr ing i n  t h a t  region.  Data used i n  F igu re  4 
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a r e  those taken during t h e  f i r s t  f o r t y  o r b i t s  between t h e  magnetopause 

and approximately t h e  c e n t e r  of t h e  magnetosheath. This  r eg ion  w i l l  

henceforth be r e f e r r e d  t o  as t h e  inne r  magnetosheath. Since t h e  

s a t e l l i t e  spends more t i m e  near apogee i n  t h e  o u t e r  magnetosheath, t h e  

1100 5.46 minute averages i n  Figure 4 r e p r e s e n t  30% of a l l  magnetosheath 

measurements f o r  t h i s  per iod.  

The s e l e c t i o n  of magnetosheath d a t a  f o r  use i n  t h i s  s tudy has been 

c a r r i e d  out w i th  p a r t i c u l a r  care., On most o r b i t s  t h e  magnetopause i s  

clear and t h e  magnetosheath d a t a  can be unambiguously i s o l a t e d .  On 

t h e  few occasions when t h e  magnetopause i s  not  c lear ,  d a t a  has been 

omit ted r a t h e r  than r i s k  t h e  i n c l u s i o n  of magnetosphere d a t a .  Several  

f igures  presented he re  w i l l  be r e s t r i c t e d  t o  t h e  i n n e r  magnetosheath 

i n  o r d e r  to  more c l e a r l y  r e p r e s e n t  t h e  phenomena occur r ing .  When t h e  

o u t e r  magnetosheath d a t a  i s  included t h e  conclusions are no t  a l t e r e d .  

The outstanding f e a t u r e  of  F igu re  4 i s  t h e  extremely a n i s o t r o p i c  

na tu re  of t h e  d i s t r i b u t i o n .  A s  many as 74 of t h e  t o t a l  of 1100 measure- 

ments occur i n  one r eg ion  whereas 19 r eg ions  have no measurements a t  

a l l ,  

and 85% occur i n  one - th i rd  of t h e  r eg ions .  

Ninety-f ive pe rcen t  of t h e  measurements occur  i n  h a l f  t h e  r e g i o n s  

Th i s  may be c o n t r a s t e d  w i t h  

t h e  i n t e r p l a n e t a r y  medium where a similar a n a l y s i s  r e v e a l s  t h a t  76% 

occur i n  half  t h e  r eg ions  and 58% occur i n  o n e - t h i r d  of t h e  regions.  

If a l l  d a t a  from throughout t h e  magnetosheath du r ing  t h e  f i r s t  40 o r b i t s  

is  used, the corresponding f i g u r e s  are 86% and 74%. 

t h e  magnetosheath has a more a n i s o t r o p i c  d i s t r i b u t i o n  t h a n  i n t e r p l a n e t a r y  

space and i n  t h i s  s ense  t h e  magnetosheath f i e l d  is  more ordered t h a n  

Th i s  shows t h a t  
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t h e  i n t e r p l a n e t a r y  f i e l d .  When the magnetosheath f i e l d  i s  descr ibed  

as t u r b u l e n t ,  i t  should be emphasized t h a t  t he  turbulence  is superposed 

on an ordered f i e l d  and i t  is  gene ra l ly  of s m a l l  amplitude compared t o  the  

ordered f i e l d .  C l e a r l y  t e r m s  such as "chaot ic"  o r  " tangled" a r e  

inappropr i a t e  i n  a gene ra l  c h a r a c t e r i z a t i o n  of magnetosheath magnetic 

f i e l d s .  

A f t e r  ob ta in ing  0-@ d i r e c t i o n a l  d i s t r i b u t i o n s  such as F igu re  4 ,  

contour  l i n e s  were drawn i l l u s t r a t i n g  t h e  degree of an iso t ropy  i n  t h e  

f i e l d  d i r e c t i o n .  Th i s  type of p r e s e n t a t i o n  is shown i n  F igu re  5. The 

a r e a  numbered one des igna te s  a region t h a t  i s  from one t o  t h r e e  t i m e s  

more densely populated than  i t  would be w i t h  an i s o t r o p i c  d i s t r i b u t i o n ,  

t h r e e  des igna te s  t h r e e  t o  f i v e  times i so t ropy ,  e t c .  Dotted contours  

enc lose  reg ions  where no measurements a t  a l l  occurred.  The top panels  

i n  Figure 5 i l l u s t r a t e  contours  f o r  IMP 2 i n t e r p l a n e t a r y  measurements 

and t h e  remaining panels  represent  magnetosheath measurements. 

IMP 2 made measurements during two s o l a r  r o t a t i o n s  and de tec t ed  four  

r e c u r r e n t  i n t e r p l a n e t a r y  s e c t o r s  ( F a i r f i e l d  and Ness, 1967) where t h e  

i n t e r p l a n e t a r y  f i e l d  poin ted  pr imar i ly  e i t h e r  outward from o r  inward toward 

t h e  sun (Ness and Wilcox, 1965). L e f t  hand panels  i n  Figure 5 i l l u s t r a t e  

measurements taken dur ing  p o s i t i v e  s e c t o r s  and r i g h t  hand panels  i l l u s t r a t e  

nega t ive  s e c t o r s .  The top  i n t e r p l a n e t a r y  pane ls  show t h a t  t h e  p o s i t i v e  

s e c t o r  measurements are c l u s t e r e d  near  t h e  t h e o r e t i c a l  s p i r a l  angle  @ = 135 

and t h e  nega t ive  s e c t o r  measurements near  t h e  oppos i t e  d i r e c t i o n  of 3 = 315 . 

Measurements from t h e  inner  magnetosheath made dur ing  the  same p o s i t i v e  

and negat ive  s e c t o r s  throughout t h e  f i r s t  f o r t y  o r b i t s  a r e  shown i n  

0 

0 
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t h e  middle two panels.  

from t h e  i n t e r p l a n e t a r y  peak by approximately 55 

and 255'. 

e q u a t o r i a l  plane a l igned  tangent  t o  t h e  magnetopause i n  t h e  long i tude  

r eg ion  0800-1200 l o c a l  t i m e  covered by t h e  f i r s t  f o r t y  o r b i t s .  The 

bottom two panels i l l u s t r a t e  d a t a  from o r b i t s  54 t o  72 covering t h e  l o c a l  

range 0500 to  0700. Mariner I V  measurements (Coleman e t  a l ,  1966) have 

been used t o  help d e f i n e  t h e  i n t e r p l a n e t a r y  s e c t o r s  du r ing  t h i s  

i n t e r v a l .  Near dawn t h e  peak of t h e  d i s t r i b u t i o n  i s  s h i f t e d  another  

30 from t h a t  of t h e  c e n t e r p a n e l s  and aga in  t h e  tendency i s  f o r  t h e  

f i e l d s  t o  a l i g n  themselves tangent  t o  t h e  magnetopause. The r eg ions  

of z e r o  f i e l d  occurrence a t  t h e  i n t e r p l a n e t a r y  s p i r a l  ang le  i n  t h e  

bottom panel  i l l u s t r a t e s  how c o n s i s t e n t l y  t h e  i n t e r p l a n e t a r y  f i e l d  i s  

d i s t o r t e d  as it is  convected inward toward t h e  magnetopause. 

The peak of t h e  d i s t r i b u t i o n  i s  now s h i f t e d  
0 0 

t o  new v a l u e s  of 7 5  

These @ d i r e c t i o n s  are j u s t  t hose  expected f o r  f i e l d s  i n  t h e  

0 

I n  t h e  p o s i t i v e  s e c t o r  magnetosheath pane l s  of F i g u r e  5 t h e r e  is 

a tendency f o r  s o u t h e r l y  d i r e c t e d  f i e l d s  t o  have l a r g e r  v a l u e s  of @ 

and n o r t h e r l y  f i e l d s  sma l l e r  values .  The o p p o s i t e  i s  t r u e  of nega t ive  

s e c t o r s .  

pas ses  i n  the r e g i o n  of t h e  i n n e r  magnetosheath occur  nea r  o r  s l i g h t l y  

below t h e  s o l a r  e c l i p t i c  plane while  outbound p a s s e s  occur  a t  more 

s o u t h e r l y  l a t i t u d e s .  

pas ses  through t h e  inne r  magnetosheath du r ing  t h e  f i r s t  40 o r b i t s  have 

been separated.  

show good symmetry a b o u t a  h o r i z o n t a l  l i n e  wh i l e  t h e  bottom panel  a t  

lower l a t i t u d e s  e x h i b i t s  t h e  pronounced skewness d e s c r i b e d  above. 

This can be explained by cons ide r ing  t h e  f a c t  t h a t  inbound 

I n  Figure 6 t h e  outbound and t h e  inbound 

The top  pane l  inbound passes  nea r  t h e  e q u a t o r i a l  p l ane  
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This  skewness i s  t h a t  expected f o r  a d i s t r i b u t i o n  of f i e l d  tangent  

t o  t h e  t h e o r e t i c a l  magnetopause at s o u t h e r l y  l a t i t u d e s .  

Comparison of simultaneous IMP 1 and IMP 2 measurements w a s  

accomplished by choosing i n t e r v a l s  g e n e r a l l y  of 10 minutes t o  one 

hour d u r a t i o n  during, which t h e  f i e l d  was s t eady  o r  on ly  slowly varying.  

For 182 such i n t e r v a l s  t h e  average f i e l d s  were c a l c u l a t e d  a t  IMP 1 

i n  i n t e r p l a n e t a r y  space and IMP 2 i n  t h e  magnetosheath. 

t h e  IMP 2 c a l c u l a t i o n  w a s  from f i v e  t o  t e n  minutes a f t e r  t h a t  of 

IMP 1 t o  allow convect ion of t h e  f i e l d  from t h e  IMP 1 r eg ion  t o  t h a t  

of IMP 2. 

a c c u r a t e  c a l c u l a t i o n  of t h i s  delay t i m e .  A t  o t h e r  times t h e  f i e l d s  were 

va ry ing  slowly and an u n c e r t a i n t y  of a few minutes would not  be 

s i g n i f i c a n t ,  Occasional times when t h e  magnetosheath f i e l d s  were 

undergoing p a r t i c u l a r l y  l a r g e  and r ap id  f l u c t u a t i o n s  were omitted.  

The t i m e  of 

Often d i s c o n t i n u i t i e s  i n  t h e  f i e l d  were p r e s e n t  t o  allow 

Next t h e  f i e l d  p a i r s  w i t h  s i m i l a r  i n t e r p l a n e t a r y  v a l u e s  were 

grouped t o g e t h e r  and t h e  magnetosheath v e c t o r s  p l o t t e d  a t  t h e  p o s i t i o n  

of measurement i n  t h e  magnetosheath. I n  t h i s  manner t h e  magnetosheath 

measurements made at v a r i o u s  times (and t h e r e f o r e  v a r i o u s  p o s i t i o n s )  

map t h e  s p a c i a l  dependence of t h e  magnetosheath f i e l d  f o r  a given 

range of t h e  i n t e r p l a n e t a r y  f i e l d  va lues .  A l l  measurements when 

i n t e r p l a n e t a r y  f i e l d s  are i n  t h e  l a t i t u d e  range -30' < 0 

i l l u s t r a t e d  i n  F i g u r e  7. 

i n  t h e  s o l a r  e c l i p t i c  X y  p lane  and i n  each pane l  t h e  sun is loca ted  a t  

t h e  bottom of t h e  f i g u r e .  

v e c t o r s  and average p o s i t i o n  f o r  t h e  shock and t h e  magnetopause are 

sketched i n  f o r  r e fe rence .  

< 10' are 

I n  t h i s  f i g u r e  v e c t o r s  have been p r o j e c t e d  

P o s i t i v e 8  v a l u e s  are des igna ted  by dashed 

Magnitudes have been normalized 
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t o  minimize t h e  e f f e c t s  of t h e  v a r i a t i o n  i n  i n t e r p l a n e t a r y  f i e l d  

magnitude. Normalized va lues  are 5.2 F /F 

t h e  magnetosheath magnitude, F1 t h e  i n t e r p l a n e t a r y  magnitude, and 

5.2 is t h e  average of a l l  i n t e r p l a n e t a r y  v a l u e s  i n  gammas. 

have been converted t o  t h e  XY plane by r o t a t i o n  i n  a meridian plane,  

where t h e  F2 r e p r e s e n t s  
2 1' 

P o s i t i o n s  

The outs tanding f e a t u r e  of F i g u r e  7 i s  t h a t  f o r  i n t e r p l a n e t a r y  

( l e f t  hand panels) t h e  magnetosheath f i e l d s  tend 
0 

f i e l d s  Oo< qi 4 8 0  

t o  be tangent t o  t h e  magnetopause p o i n t i n g  i n  one d i r e c t i o n ,  while  

f o r  180 

oppos i t e  d i r e c t i o n .  

t h e  upper r i g h t  hand panel have @ ang les  of 353O and 354' and are t h u s  

near  t he  d i v i s i o n  po in t  of 360 . 

0 
< (p < 360' ( r i g h t  hand panels)  they are p o i n t i n g  i n  t h e  

The few except ions such as near  X = 7 ,  Y=-11 i n  

0 

Another p r e s e n t a t i o n  of t h e  simultaneous measurements are shown 

i n  F igu res  8 and 9. 

p l o t t e d  i n  t h e  a b s c i s s a  and t h e  magnetosheath g5 va lue  a t  IMP 2 is  

Here t h e  i n t e r p l a n e t a r y  @ v a l u e  of IMP 1 is 

t h e  o rd ina te .  

magnetosheath, a l l  p o i n t s  would l i e  along t h e  45 The l a r g e r  

d o t s  i n  f i g u r e  8 r e p r e s e n t  measurements w i t h  -30' < 0 < 30' and t h e  

smaller d o t s  30' < 8 < 60'. A t  l a r g e  8 v a l u e s  t h e  ang le  g5 l o s e s  

i t s  s i g n i f i c a n c e  and t h e s e  cases are omit ted.  

demonstrates t h e  p re fe rence  of t h e  magnetosheath f o r  @ v a l u e s  nea r  50° 

and 230 corresponding t o  f i e l d  alignment t angen t  t o  t h e  magnetopause. 

The abrupt  t r a n s i t i o n  determining which way t h e  f i e l d  w i l l  p o i n t  occurs  

near 180' and 360'. 

I f  f i e l d s  were n o t  d i s t o r t e d  as they  convect i n t o  t h e  

0 l i n e .  

F igu re  8 c l e a r l y  

0 

Figure  9 is  s imilar  t o  F igu re  8 except  t h a t  8 a t  t h e  two 

sa te l l i t es  i s  shown. The tendency is  f o r  8 t o  be preserved b e t t e r  

t han  8 a t  the l a t i t u d e s  and long i tudes  sampled by IMP 2 .  There 
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a l s o  appears t o  be a tendency f o r  t h e  c i r c l e s ,  which d e s i g n a t e  times 

wi th  the i n t e r p l a n e t a r y  f i e l d s  roughly tangent  t o  t h e  magnetosphere, 

t o  l i e  n e a r e s t  t h e  4.5 l i n e .  When t h e  i n t e r p l a n e t a r y  f i e l d  i s  d i r e c t e d  

towards t h e  sun and perpendicular  t o  t h e  magnetopause (squares)  p o s i t i v e  

8 tends t o  be increased i n  t h e  magnetopause. When t h e  f i e l d  p o i n t s  

away from t h e  sun and perpendicular  t o  t h e  magnetopause t h e  nega t ive  

t h e t a s  tend t o  be decreased. This t ype  of d i s t o r t i o n  appears t o  be 

t h a t  expected when f i e l d  l i n e s  f rozen  i n  t h e  s o l a r  p l a sma  are d i s t o r t e d  

by plasma flowing around t h e  magnetosphere, 

0 

An example of how d i s t o r t e d  the i n t e r p l a n e t a r y  f i e l d s  may become 

by t h e  t i m e  they approach t h e  magnetopause i s  i l l u s t r a t e d  i n  F i g u r e  10, 

I n  t h i s  f i g u r e  t h e  i n t e r p l a n e t a r y  f i e l d  at IMP 1 ( s o l a r  e c l i p t i c  

p o s i t i o n  X=24,9 Y=-18.5, Z-2,2)  is shown along w i t h  t h e  f i e l d  of IMP 2 

i n  s o l a r  magnetic coordinates .  At approximately 0750 t h e  outbound 

IMP 2 s a t e l l i t e  p e n e t r a t e s  t h e  magnetopause a t  tihe dawn meridian 

(dashed l i n e $ ,  The magnetosheath f i e l d  near t h e  magnetopause i s  ve ry  

much d i f f e r e n t  from t h e  simultaneous i n t e r p l a n e t a r y  f i e l d ,  but  t h e  

r e l a t i o n  between t h e  two f i e l d s  i s  apparent  from f e a t u r e s  such as t h e  

p o s i t i v e  0 r eg ion  around 0845 which t e rmina te s  w i t h  a d i s c o n t i n u i t y  

a t  IMP 1 at  0 8 2 2  and a t  IMP 2 9 minutes l a te r ,  Near 0850 t h e r e  i s  

ano the r  prominent f e a t u r e  i n  t h e  @ ang le  of each satel l i te .  Before and 

a f t e r  t h e  high @ r eg ion  t h e  i n t e r p l a n e t a r y  f i e l d  d i r e c t i o n  i s  such t h a t  

t h e  d i r e c t i o n  of d i s t o r t e d  f i e l d s  a t  IMP 2 i s  about 80 d i f f e r e n t  

from t h e  IMP 1 f i e l d .  

f i e l d  is n e a r l y  p a r a l l e l  t o  t h e  magnetopause and t h e  f i e l d  a t  IMP 1 i s  

0 

During the high q5 r eg ion ,  however, t h e  i n t e r p l a n e t a r y  
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only 16' d i f f e r e n t  from t h a t  a t  IMP 2. 

angle  change occurs a t  IMP 1 y e t  i t  is  of such a na tu re  t h a t  it 

produces a l a r g e r  change a t  IMP 2. 

A t  0912 a r a t h e r  s m a l l  

A schematic r e p r e s e n t a t i o n  of magnetic f i e l d s  i n  t h e  v i c i n i t y  of 

t h e  e a r t h  is  presented  i n  F igu re  11. The f i g u r e  i l l u s t r a t e s  how f i e l d  

l i n e s  c r o s s  t h e  shock wi th  t h e i r  d i r e c t i o n  i n  t h e  magnetosheath being 

determined by whether t he  i n t e r p l a n e t a r y  f i e l d  has a component po in t ing  

towards dawn o r  towards dusk, Comparing t h e  upper p o r t i o n  of F igure  11 

wi th  t h e  lower p o r t i o n i l l u s t r a t e s  how a very  small change i n  t h e  @ 

angle (40' i n  t h e  case  shown) can completely a l t e r  t h e  f i e l d s  of t h e  

magnetosheath. The d i r e c t i o n  arrows on t h e  f i e l d s  shown can be 

reversed without a l t e r i n g  t h e  f i e l d  topology. F igure  11 is  ve ry  s imi l a r  

t o  F igu re  21 o f  S p r e i t e r  e t  a1 

flow around t h e  magnetosphere. 

(1966), who considered hydromagnetic 

The con t inua t ion  of a f i e l d  l i n e  i n  t h e  top  p o r t i o n  of F i g u r e  11 

from dawn a l l  t h e  way around t h e  f r o n t  of t h e  magnetosphere and t h e  

apparent higher magnitudes on t h e  dusk s i d e  are probably an exaggera t ion .  

It  is more l i k h l y  t h a t  t h e  dusk p o r t i o n  of t h i s  f i e l d  l i n e  which a r r i v e d  

a t  t h e  magnetopause before  t h e  dawn p o r t i o n  is  a l r eady  moving around 

t h e  magnetopause and i s  loca ted  above o r  below t h e  magnetosphere. 

type of motion sugges ts  an inc reas ing  change i n  ang le  0 w i t h  motion 

toward t h e  dawn-dusk meridian. 

This  
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4 .  SUMMARY 

Data from the  IMP 1 and IMP 2 s a t e l l i t e  have been used t o  s tudy  

the  magnetic f i e l d  of  t h e  magnetosheath and i t s  r e l a t i o n  t o  t h a t  of 

i n t e r p l a n e t a r y  space.  

medium by t h e  two sa te l l i t es  have revea led  the  presence of magnetic 

f i e l d  d i s c o n t i n u i t i e s  seen f i r s t  a t  one sa te l l i t e ,  then a t  t he  o t h e r ,  

wi th  de lay  t i m e s  which are cons i s t en t  wi th  t h e  concept of magnetic 

f i e l d s  f rozen  i n  t h e  s o l a r  wind being convected away from t h e  sun w i t h  

t h e  s o l a r  wind ve loc i ty .  When one s a t e l l i t e  is  i n  t h e  i n t e r p l a n e t a r y  

medium and t h e  o t h e r  i n  the  magnetosheath, t h i s  one t o  one correspondence 

between f i e l d  d i s c o n t i n u i t i e s  observed a t  t h e  two satell i tes p e r s i s t s ,  

showing t h a t  i n t e r p l a n e t a r y  f i e l d s  are convected i n t o  the  magnetosheath. 

During convection p a s t  t h e  magnetosphere t h e  f i e l d s  tend t o  become 

a l igned  tangent  t o  t h e  magnetopause s o  t h a t  when t h e  c h a r a c t e r i s t i c  

magnetosheath f l u c t u a t i o n s  are averaged o u t ,  t h e  magnetosheath f i e l d  

i s  even more ordered than  t h e  in t e rp l ane ta ry  f i e l d .  

Simultaneous measurements of t h e  i n t e r p l a n e t a r y  

The incoming i n t e r p l a n e t a r y  f i e l d s  undergo an increase  i n  magnitude 

a t  t h e  bow shock f r o n t  which must be accompanied usua l ly  by a s m a l l  angle  

change t o  make t h e  normal component continuous ac ross  the  shock. Subsequent 

convect ion i n t o  t h e  magnetosheath i s  accompanied by f u r t h e r  f i e l d  

d i s t o r t i o n  from t h e  in t e rp l ane ta ry  va lue  wi th  the  f i e l d  l i n e s  tending  

t o  a l i g n  themselves tangent t o  the magnetopause. Near the  e c l i p t i c  

plane t h i s  r e s u l t s  i n  l a rge  changes i n  longi tude  angle  @ whi le  t h e  l a t i t u d e  

a n g l e  8 i s  b e t t e r  preserved.  This f i e l d  d i s t o r t i o n  can be i n t e r p r e t a t e d  

as a draping of f i e l d  l i n e s  around t h e  magnetosphere wi th  t h e  d i r e c t i o n  

of magnetosheath f i e l d  l i n e s  being determined by t h e d i r e c t i o n o f  t h e  
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incoming i n t e r p l a n e t a r y  f i e l d .  

e q u a t o r i a l  plane wi th  pos t ive  s o l a r  e c l i p t i c  y component, t h e  

magnetosheath f i e l d  near t h e  sunward magnetopause has  a dawn-dusk 

d i r e c t i o n .  When the  i n t e r p l a n e t a r y  y component r eve r ses  d i r e c t i o n  

t h e  magnetosheath f i e l d  po in t s  i n  t h e  oppos i te  dusk-dawn d i r e c t i o n .  

means t h a t  p o s i t i v e  i n t e r p l a n e t a r y  s e c t o r s  wi th  mostly p o s i t i v e  y 

components w i l l  u sua l ly  have a dawn t o  dusk d i r e c t i o n  o r i e n t a t i o n  

whi le  negat ive s e c t o r s  w i th  negat ive-y i n t e r p l a n e t a r y  components 

w i l l  u sua l ly  be d i r e c t e d  t h e  oppos i te  way. Some p o s i t i v e  s e c t o r  

f i e l d s  w i l l  have negat ive  y components (and negat ive  s e c t o r s  p o s i t i v e  

y components) so  t h e  s p e c i f i c a t i o n  of a s e c t o r  does not  abso lu t e ly  

s p e c i f y  t h e  d i r e c t i o n  of f i e l d s  i n  t h e  magnetosheath. 

For an i n t e r p l a n e t a r y  f i e l d  near  t h e  

This  

The e n t i r e  phenomenon is  c o n s i s t e n t  w i th  a hydromagnetic 

i n t e r p r e t a t i o n  such as t h a t  of S p r e i t e r  (1966) whereby i n t e r p l a n e t a r y  

f i e l d  l i n e s  a r e  convected i n t o  t h e  magnetosheath where they 

become draped .around the  magnetopause. 

i s  thus  determined by the  incoming i n t e r p l a n e t a r y  f i e l d  and t h e  p a t t e r n  

of  plasma flow around t h e  magnetosphere. 

The magnetosheath f i e l d  geometry 



FIGURE CAPTIONS 

Figure 1 P r o j e c t i o n  of t h e  IMP 1 ( s o l i d  l i n e s )  and IMP 2 (dashed l i n e s )  

t r a j e c t o r i e s  i n t o  t h e  XY ( t o p )  and X Z  (bottom) s o l a r  e c l i p t i c  

p l anes ,  Tbe t i m e  i n t e r v a l  November ll-December 15 1964 i s  

t h a t  when most of t h e  IMP 1 measurements were made. The 

magnetopause and t h e  bow shock a r e  sketched i n  f o r  r e f e r e n c e ,  

F igu re  2 IMP 1 and IMP 2 simultaneous i n t e r p l a n e t a r y  measurements during 

a magnetic storm on November 15, 1964, D i s c o n t i n u i t i e s  a r e  

observed a t  both s a t e l l i t e s  and a r e  marked wi th  v e r t i c a l  l i n e s ,  

F igu re  3 Simultaneous measurements w i t h  IMP 1 i n  t h e  i n t e r p l a n e t a r y  

medium and IMP 2 i n  the  magnetosheath on November 16, 1964. 

A consis tency of f i e l d  d i r e c t i o n  a t  t h e  two sa t e l l i t e s  are 

r e a d i l y  apparent as a r e  t h e  presence of d i s c o n t i n u i t i e s  

observed success ive ly  a t  t h e  two s p a c e c r a f t ,  

F igu re  4 Niriety-six equal  area regions of t h e  s o l a r  e c l i p t i c  sphere 

a r e  shown p ro jec t ed  on a plane.  Numbers i n  each region des igna te  

t h e  number of 5.46-minute-average f i e l d  measurements occur r ing  

i n  each region.  

F i g u r e  5 CoAtour d i a g r a m  rep resen t ing  t h e  r e l a t i v e  d e n s i t y  of magnetic 

f i e l d  p o i n t i n g  i n  the var ious 8 - 0 d i r e c t i o n s ,  L e f t  hand 

pane l s  r e p r e s e a t  measurements made d J r i n 3  p o s i t i v e  s e c t o r s  

and r i g h t  hand pane l s  r ep resen t  measurements from negat ive 

s e c t o r s ,  The top two panels r e p r e s e n t  i n t e r p l a n e t a r y  measurements 

and the  remaining panels r e p r e s e n t  measurements from the  

0800-1200 and 0500-0700 l o c a l  time r eg ions  of t h e  inner 



Figure  6 

Figure  7 

F igu re  8 

F igu re  9 

magnetosheath. The s h i f t i n g  peaks of t h e  d i s t r i b u t i o n  

r ep resen t  alignment of  t h e  f i e l d s  tangent  t o  t h e  magnetopause 

a t  t he  d i f f e r e n t  longi tudes .  

F i e ld  d i r e c t i o n  contours  f o r  inbound e q u a t o r i a l  pas ses  

through t h e  inne r  magnetosheath ( t o p )  and outbound s o u t h e r l y  

l a t i t u d e  passes through t h e  same reg ion ,  

shapes of t h e  d i s t r i b u t i o n  r e f l e c t  alignment of t h e  f i e l d  

tangent  t o  the  magnetopause which i s  o r i e n t e d  d i f f e r e n t l y  i n  

t h e  d i f f e r e n t  reg ions .  

P ro jec t ions  of IMP 2 magnetosheath v e c t o r s  i n  t h e  XY plane  

a r e  shown f o r  4 d i f f e r e n t  d i r e c t i o n a l  groupings of t h e  

i n t e r p l a n e t a r y  f i e l d ,  

tend t o  po in t  toward dusk and f o r  180<&360 t h e  f i e l d s  po in t  

toward dawn. 

Magnetosheath f i e l d  longi tude  angle  0 i s  p l o t t e d  ve r sus  the  

simultaneous i n t e r p l a n e t a r y  f i e l d  longi tude  angle  @ , The 

grouping of magnetosheath f i e l d s  near  50 

t h e  tendency of f i e l d s  t o  a l i g n  themselves  tangent  t o  t h e  

magnetopause e 

Magnetosheath f i e l d  l a t i t u d e  ang le  8 i s  p l o t t e d  a g a i n s t  t h e  

simultaneous i n t e r p l a n e t a r y  f i e l d  l a t i t u d e  ang le  el. 

i n t e r p l a n e t a r y  8 v a l u e  tend t o  be b e t t e r  preserved  than  t h e  

8 ,  values  of F igu re  8. 

The d i f f e r e n t  

For  0<0<180 t h e  magnetosheath f i e l d s  

2 

1 
n and 230n r e f l e c t s  

The 

F igu re  10 Simultaneous i n t e r p l a n e t a r y  IMP 1 f i e l d s  and IMP 2 f i e l d s  

near t he  magnetopause a t  t h e  dawn mer id ian  p lane .  

i n  f i e l d  d i r e c t i o n  ang le s  a t  t h e  two s a t e l l i t e s  is  apparent  

a l though t h e  IMP 2 magnetosheath f i e l d  i s  cons ide rab ly  d i f f e r e n t  

from t h e  i n t e r p l a n e t a r y  IMP 1 d i r e c t i o n  

Correspondence 



Figure  11 A skematic drawing i l l u s t r a t i n g  t h e  draping of  f i e l d  l i n e s  

around t h e  magnetopause . A r e l a t i v e l y  small change i n  

d i r e c t i o n  of t h e  in t e rp l ane ta ry  f i e l d  ( t o p  ve r sus  bottom) 

can produce a very  d r a s t i c  change i n  t h e  magnetosheath 

f i e l d  d i r e c t i o n s .  



I M P  TRAJECTORIES NOV. II-DEC. 15, 1964 
FIGURE 1 
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